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Introduction {#sec005}
============

Global statistics suggest that approximately one-third of newly diagnosed cases of renal cell carcinoma (RCC) are detected at an advanced stage or at metastasis; this is known as synchronous metastatic renal cell carcinoma (smRCC\] \[[@pone.0211105.ref001]\]. The prognosis of smRCC is poorer than that of metastatic recurrent RCC initially treated via radical nephrectomy; this is known as metachronous metastatic RCC (mRCC; overall survival \[OS\]: 4 and 19 months, respectively) \[[@pone.0211105.ref002]\]. The unfavorable prognosis of smRCC has been attributed to the patient's poor general condition, which lowers tolerance for the total dose of first-line systemic therapeutic agents required. Moreover, metastatic tumors render patients ineligible for surgery, especially when critical organs are involved.

Systemic immunotherapy has been the standard therapy for mRCC over the past few decades, although with a dismal prognosis (5-year OS: \<10%). With the advent of multiple molecular targeted agents, since the release of the first US Food and Drug Administration-approved agent in 2005, the standard treatment for mRCC has shifted from immunotherapy to targeted therapy as a first-line systemic therapy \[[@pone.0211105.ref003]\]. This change brought about an improvement in therapeutic response rates as well as longer progression-free survival (PFS) and OS durations than that observed during the immunotherapy era \[[@pone.0211105.ref004], [@pone.0211105.ref005]\].

Some immunotherapeutic agents were still in use during the targeted therapy era because of the well-documented complete response rate achieved via high-dose interleukin-2 in selected patients with mRCC and a good performance status \[[@pone.0211105.ref006]\]. However, thus far, the beneficial effects of targeted therapy in mRCC have been reported only for PFS and not for OS. The survival benefit from targeted therapy remains limited, with a median of \<3 years despite its remarkably beneficial effects on PFS \[[@pone.0211105.ref007], [@pone.0211105.ref008]\]. Therefore, to improve the OS rate, researchers have attempted to devise the best immunotherapy and targeted therapy protocols for mRCC using accurate and significant prognostic factors.

In general, RCCs are heterotrophic solid tumors with a unique histopathology \[[@pone.0211105.ref002]\]. Primary renal tumors and metastatic tumors have similar but different histopathological characteristics, such that the observed response to systemic therapy is often diverse and unpredictable \[[@pone.0211105.ref001], [@pone.0211105.ref009]\]. Therefore, it is important to define the prognostic factors for mRCC in terms of OS and PFS to quickly and easily identify which patients would respond best to systemic treatment.

In this study, we aimed to determine the prognostic factors for PFS and OS using the Response Evaluation Criteria In Solid Tumors (RECIST) v1.1 in patients with naïve smRCC who did not undergo nephrectomy but received systemic first-line vascular endothelial growth factor (VEGF)-targeted therapy or immunotherapy \[[@pone.0211105.ref010], [@pone.0211105.ref011]\].

Materials and methods {#sec006}
=====================

All study protocols were conducted in accordance with the ethical guidelines of the World Medical Association Declaration of Helsinki: ethical principles for medical research involving human subjects. The medical records of all enrolled patients were de-identified and analyzed anonymously. This study was approved by the Institutional Review Board of the Research Institute and Hospital National Cancer Center (NCC2016-0263). The board waived the requirement for written informed consent.

Patients with mRCC with naïve, unresectable primary renal lesions who did not undergo nephrectomy and received treatment between April 2002 and October 2015 were enrolled using the prospectively recorded RCC database of the hospital. Patients who had no eligible follow-up computed tomography (CT) imaging results during first-line systemic therapy or CT images from the last follow-up before discontinuation of treatment, discontinued systemic therapy owing to adverse side effects, refused therapy, had a past history of invasive surgical or local treatment for RCC (including nephrectomy, embolization, and radiation therapy), had bilateral RCCs, had incomplete information regarding a past history of treatment for RCC, or had a history of mTOR inhibitor-targeted treatment were excluded. The reason for excluding patients who had a history of mTOR inhibitor-targeted treatment was because the Korean National Insurance once allowed mTOR inhibitors as either first-line or second-line targeted therapy, although it was most commonly used as second-line therapy. Ultimately, 70 patients with mRCC who had not undergone nephrectomy were enrolled and followed until July 2016.

The decision to administer VEGF-targeted therapy (either sunitinib, sorafenib or pazopanib) was at the discretion of the treating urologist (J.C.) upon consideration of each patient's histopathology, disease status, performance status, coverage by the National Health Insurance System, and the patient's and their family's wishes after a comprehensive discussion of the anticipated efficacy and adverse events of each agent. The targeted therapy and immunotherapy strategies and the follow-up protocols used in this study have been described previously \[[@pone.0211105.ref012]\]. Patients underwent a complete physical evaluation with blood tests and radiologic examinations, including CT and/or positron emission tomography-CT, as well as bone scans, to evaluate treatment response according to the RECIST (version 1.1) \[[@pone.0211105.ref011]\]. Treatment was continued until disease progression was detected.

The baseline characteristics and clinicopathological variables are summarized in [Table 1](#pone.0211105.t001){ref-type="table"}. Continuous variables are presented as the mean and standard deviation or median (range), and categorical variables are presented as the frequency (%). PFS was defined as the period from the date of the first treatment session until progressive disease (PD), and OS was defined as the period from the date of the first treatment session to death or the last follow-up visit. Univariable and multivariable analyses were performed using the Cox proportional hazards model to investigate the potential prognostic factors for PFS and OS. Clinical variables with a p-value less than 0.2 obtained in the univariable analysis were included in the multivariable analysis, and the final model was derived using the backward selection method with an elimination criterion of p-value greater than 0.05. Furthermore, additional subgroup analyses of prognostic factors of PFS and OS among the 57 patients treated with targeted therapy only were performed. The Kaplan-Meier curve and log-rank test were used to compare the survival rate between patient groups. A two-sided p-value less than 0.05 was considered significant, and all statistical analyses were performed using SAS statistical software (version 9.3; SAS Institute Inc., Cary, NC, USA) and R-project software (version 3.3.3).

10.1371/journal.pone.0211105.t001

###### Patient baseline demographics (N = 70).

![](pone.0211105.t001){#pone.0211105.t001g}

  Variables                                                             n (%) unless otherwise indicated
  --------------------------------------------------------------------- ----------------------------------
  Age (y), mean ± SD                                                    58.77 ± 11.89
  Sex                                                                   
  Male                                                                  55 (78.6)
  Female                                                                15 (21.4)
  Follow-up time in OS (month); median (min-max)                        30.9 (6.0--30.9)
  Heng risk group                                                       
  Favorable risk                                                        1 (1.4)
  Intermediate risk                                                     43 (61.4)
  Poor risk                                                             26 (37.1)
  Histology                                                             
  Clear cell type                                                       57 (81.4)
  Unclassified type                                                     13 (18.6)
  Sarcomatoid component                                                 4 (5.7)
  Anemia (Hb \<13.5 for men, \<12.0 for women)                          49 (70.0)
  Hypercalcemia                                                         10 (14.7)
  Neutrophilia                                                          14 (20.6)
  Thrombocytosis                                                        18 (25.7)
  LDH \>300                                                             14 (26.4)
  KPS ≤80                                                               6 (8.6)
  WBC, median (range)                                                   7.53 (2.95--18.07)
  Albumin (g/dL), mean ± SD                                             3.72 ± 0.52
  Clinical T stage                                                      
  T1                                                                    15 (21.4)
  T2                                                                    10 (14.3)
  T3                                                                    21 (30.0)
  T4                                                                    6 (8.6)
  Tx                                                                    18 (25.7)
  Clinical N stage                                                      
  N0                                                                    24 (34.3)
  N1                                                                    19 (27.1)
  Nx                                                                    27 (38.6)
  Number of baseline metastatic lesions                                 
  1                                                                     25 (35.7)
  2                                                                     21 (30.0)
  3                                                                     18 (25.7)
  4                                                                     5 (7.2)
  5                                                                     1 (1.4)
  Metastatic organs                                                     
  Lung                                                                  54 (77.1)
  Liver                                                                 16 (22.9)
  Lymph nodes                                                           26 (37.1)
  Bone                                                                  22 (31.4)
  Brain                                                                 8 (11.4)
  Treatment duration of previous immunotherapy (days), median (range)   67.5 (21--452)
  First-line Immunotherapy                                              13 (18.5)
  First-line Targeted agents                                            57 (81.4)
  Sunitinib                                                             37 (64.9)
  Sorafenib                                                             8 (14.0)
  Pazopanib                                                             12 (21.1)
  Treatment duration of first line therapy (months), median (range)     3.9 (1.0--60.4)
  Best overall response after first-line therapy                        
  PD                                                                    17 (24.3)
  SD                                                                    35 (50.0)
  PR                                                                    14 (20.0)
  CR                                                                    4 (5.7)

SD, standard deviation; OS, overall survival; Hb, hemoglobin; LDH, lactate dehydrogenase; KPS, Karnofsky Performance Status; PD, progressive disease; PR, partial remission; CR, complete remission

Results {#sec007}
=======

Of 70 enrolled patients, 52 (74.3%) were treated with targeted therapy only and 13 (18.6%) were treated with immunotherapy only. Five (7.1%) patients who were treated with targeted therapy had history of previous immunotherapy. During a median follow-up period of 30.9 (6.0--30.9) months and a median treatment period of 3.9 (1--60.4) months, disease progression was reported in 90.0% of patients, with an objective response rate and clinical benefit rate of 26.1% and 76.8%, respectively; 5.8% of patients (n = 4) achieved complete remission. Metastasis was detected in a median of two organs with a median primary renal tumor size of 9.4 cm; the lung (77.1%) was the most common site of metastasis, followed by the lymph nodes (37.1%), bone (31.4%), liver (22.9%), and brain (12.1%). Histology results showed that 81.4% (n = 57) and 18.6% (n = 13) were clear cell type and unclassified type, respectively. A sarcomatoid component was observed in 4 (5.7%) patients. In addition, 18 (25.7%) patients had a previous history of immunotherapy, including 17 (94.4%) who were treated with interferon-alpha and 1 (5.6%) who was treated with interleukin, with a median treatment duration of 67.5 (21--452) days ([Table 1](#pone.0211105.t001){ref-type="table"}).

Multivariable analysis revealed that poor Heng risk (hazard ratio \[HR\], 2.37; 95% confidence interval \[CI\], 1.37--4.10) and liver metastasis (HR 2.34, CI 1.23--4.46) were significant prognostic factors for PFS ([Table 2](#pone.0211105.t002){ref-type="table"}), and female sex (HR 2.13, CI 1.13--4.05), poor Heng risk (HR 3.14, CI 1.81--5.46), and liver metastasis (HR 2.78, CI 1.42--5.41) were significant prognostic factors for OS (p \< 0.05; [Table 3](#pone.0211105.t003){ref-type="table"}).

10.1371/journal.pone.0211105.t002

###### Cox regression analysis of the prognostic factors for progression-free survival.
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                                      Univariable   Multivariable                                          
  ----------------------------------- ------------- ---------------------- ----------- ------------------- -----------
  Age                                 70 (63)       0.99 (0.96--1.01)      0.202                           
  Sex                                                                                                      
  Male                                55 (49)       1                                                      
  Female                              15 (14)       1.35 (0.74--2.46)      0.334                           
  Heng risk group                                                                                          
  Favorable and Intermediate risk     44 (39)       1                                  1                   
  poor risk                           26 (24)       2.05 (1.20--3.48)      **0.008**   2.37 (1.37--4.10)   **0.002**
  WBC                                 70 (63)       1.06 (0.98--1.16)      0.163                           
  LDH                                 53 (48)       1.001 (1.000--1.002)   0.263                           
  Albumin                             66 (59)       0.64 (0.40--1.02)      0.061                           
  Clinical stage                                                                                           
  T1+T2                               25 (21)       1                      (0.694)                         
  T3+T4                               27 (25)       0.99 (0.55--1.77)      0.960                           
  Tx                                  17 (16)       1.28 (0.66--2.46)      0.469                           
  First line therapy (miss = 13)                                                                           
  Sunitinib                           37 (33)       1                      (0.494)                         
  Sorafenib                           8 (7)         1.60 (0.70--3.67)      0.269                           
  Pazopanib                           12 (10)       1.28 (0.62--2.67)      0.505                           
  No of baseline metastatic lesions   70 (63)       1.27 (0.96--1.68)      0.101                           
  metastatic lesions                                                                                       
  Lung metastasis                     54 (49)       1.55 (0.83--2.87)      0.166                           
  Liver metastasis                    16 (14)       1.89 (1.01--3.51)      **0.045**   2.34 (1.23--4.46)   **0.010**
  Lymph node metastasis               26 (23)       1.09 (0.64--1.83)      0.760                           
  Brain mets (miss = 4)               8 (7)         1.44 (0.65--3.21)      0.372                           
  Bone metastasis                     22 (22)       1.20 (0.71--2.04)      0.489                           

HR, hazards ratio; CI, confidence interval; LDH, lactate dehydrogenase

10.1371/journal.pone.0211105.t003

###### Cox regression analysis of the prognostic factors for overall survival.
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                                      Univariable   Multivariable                                            
  ----------------------------------- ------------- ---------------------- ------------- ------------------- -------------
  Age                                 70 (59)       0.99 (0.97--1.01)      0.425                             
  Sex                                                                                                        
  Male                                55 (45)       1                                    1                   
  Female                              15 (14)       1.61 (0.88--2.95)      0.126         2.13 (1.13--4.05)   **0.020**
  Heng risk group                                                                                            
  Favorable and Intermediate risk     44 (34)       1                                    1                   
  poor risk                           26 (25)       2.63 (1.54--4.47)      **\< .001**   3.14 (1.81--5.46)   **\< .001**
  WBC                                 70 (59)       1.14 (1.05--1.25)      **0.002**                         
  LDH                                 53 (45)       1.000 (0.999--1.002)   0.499                             
  Albumin                             66 (55)       0.45 (0.27--0.73)      **0.001**                         
  Clinical stage                                                                                             
  T1+T2                               25 (21)       1                      (0.208)                           
  T3+T4                               27 (23)       0.82 (0.45--1.52)      0.537                             
  Tx                                  17 (14)       1.54 (0.77--3.08)      0.218                             
  First line therapy                                                                                         
  Sunitinib                           37 (31)       1                      (0.186)                           
  Sorafenib                           8 (7)         2.19 (0.95--5.09)      0.067                             
  Pazopanib                           12 (8)        1.12 (0.51--2.47)      0.786                             
  No of baseline metastatic lesions   70 (59)       1.35 (1.03--1.77)      **0.031**                         
  metastatic lesions                                                                                         
  Lung                                54 (45)       1.12 (0.61--2.05)      0.710                             
  Liver                               16 (14)       1.91 (1.02--3.58)      **0.042**     2.78 (1.42--5.41)   **0.003**
  Lymph node                          26 (21)       1.19 (0.69--2.04)      0.527                             
  Brain mets                          8 (7)         1.70 (0.76--3.78)      0.196                             
  Bone                                22 (20)       1.54 (0.88--2.68)      0.129                             

HR, hazards ratio; CI, confidence interval; LDH, lactate dehydrogenase; WBC, leukocytosis

Subset analyses of the prognostic factors of PFS and OS among patients with targeted agents only (with no previous immunotherapy) were performed (Tables [4](#pone.0211105.t004){ref-type="table"} and [5](#pone.0211105.t005){ref-type="table"}). Poor Heng risk (HR 2.92, CI 1.5--5.67) and liver metastasis (HR 2.87, CI 1.35--6.12) were significant factors of PFS at multivariate analysis (p\<0.05, [Table 4](#pone.0211105.t004){ref-type="table"}); whereas poor Heng risk (HR 4.24, CI 2.02--8.88), leukocytosis (HR 1.18, CI 1.06--1.31), and liver metastasis (HR 4.84, CI 2.11--10.99) were significant factors of OS (p\<0.05, [Table 5](#pone.0211105.t005){ref-type="table"})

10.1371/journal.pone.0211105.t004

###### Cox regression analysis of the prognostic factors for progression-free survival in treated TKI only patients group.
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                                      Univariable   Multivariable                                          
  ----------------------------------- ------------- ---------------------- ----------- ------------------- -----------
  Age                                 52 (46)       0.99 (0.96--1.01)      0.352                           
  sex                                                                                                      
  Male                                40 (35)       1                                                      
  Female                              12 (11)       1.42 (0.72--2.83)      0.316                           
  Heng risk group                                                                                          
  Favorable+Intermediate risk         33 (29)       1                                  1                   
  poor risk                           19 (17)       2.42 (1.27--4.61)      **0.007**   2.92 (1.5--5.67)    **0.002**
  WBC                                 52 (46)       1.08 (0.98--1.19)      **0.118**                       
  LDH (miss = 13)                     39 (35)       1.002 (1.000--1.004)   0.111                           
  Albumin (miss = 4)                  48 (42)       0.67 (0.39--1.15)      0.144                           
  Clinical stage (miss = 1)                                                                                
  T1+T2                               20 (16)       1                      (0.726)                         
  T3+T4                               20 (18)       1.17 (0.59--2.33)      0.652                           
  Tx                                  11 (11)       1.37 (0.63--2.99)      0.427                           
  First line therapy                                                                                       
  Sunitinib                           34 (30)       1                      (0.493)                         
  Sorafenib                           7 (6)         1.65 (0.67--4.03)      0.274                           
  Pazopanib                           11 (10)       1.30 (0.62--2.73)      0.490                           
  No of baseline metastatic lesions   52 (46)       1.60 (1.14--2.25)      **0.007**                       
  metastatic lesions                                                                                       
  Lung metastasis                     38 (33)       1.51 (0.78--2.94)      0.226                           
  Liver metastasis                    13 (11)       2.21 (1.07--4.57)      **0.032**   2.87 (1.35--6.12)   **0.006**
  Lymph node metastasis               20 (17)       1.22 (0.66--2.27)      0.524                           
  Brain mets (miss = 4)               7 (6)         1.55 (0.64--3.73)      0.332                           
  Bone metastasis                     21 (21)       1.45 (0.80--2.62)      0.225                           

HR, hazards ratio; CI, confidence interval; LDH, lactate dehydrogenase

10.1371/journal.pone.0211105.t005

###### Cox regression analysis of the prognostic factors for overall survival in treated TKI only patients group.
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                                      Univariable   Multivariable                                             
  ----------------------------------- ------------- ---------------------- ------------- -------------------- -------------
  Age                                 52 (41)       0.99 (0.97--1.02)      0.621                              
  sex                                                                                                         
  Male                                40 (30)       1                                                         
  Female                              12 (11)       1.61 (0.8--3.23)       0.183                              
  Heng risk group                                                                                             
  Favorable+Intermediate risk         33 (23)       1                                    1                    
  poor risk                           19 (18)       3.65 (1.90--7.03)      **\< .001**   4.24 (2.02--8.88)    **\< .001**
  WBC                                 52 (41)       1.17 (1.06--1.28)      **0.001**     1.18 (1.06--1.31)    **0.003**
  LDH (miss = 13)                     39 (31)       1.001 (0.999--1.003)   0.477                              
  Albumin (miss = 4)                  48 (37)       0.43 (0.24--0.75)      **0.003**                          
  Clinical stage (miss = 1)                                                                                   
  T1+T2                               20 (16)       1                      (0.738)                            
  T3+T4                               20 (16)       0.95 (0.47--1.93)      0.885                              
  Tx                                  11 (8)        1.33 (0.56--3.13)      0.517                              
  First line therapy                                                                                          
  Sunitinib                           34 (28)       1                      (0.280)                            
  Sorafenib                           7 (6)         2.07 (0.84--5.11)      0.114                              
  Pazopanib                           11 (7)        1.04 (0.45--2.42)      0.920                              
  No of baseline metastatic lesions   52 (41)       1.51 (1.09--2.09)      **0.013**                          
  metastatic lesions                                                                                          
  Lung metastasis                     38 (29)       1.26 (0.63--2.55)      0.514                              
  Liver metastasis                    13 (11)       2.25 (1.09--4.65)      **0.029**     4.81 (2.11--10.99)   **\< .001**
  Lymph node metastasis               20 (15)       1.16 (0.61--2.21)      0.652                              
  Brain mets (miss = 4)               7 (6)         1.52 (0.63--3.67)      0.353                              
  Bone metastasis                     21 (19)       1.70 (0.91--3.20)      0.099                              

HR, hazards ratio; CI, confidence interval; LDH, lactate dehydrogenase

Additionally, the Kaplan--Meier curve analysis showed a significant difference in PFS and OS between patients with or without liver metastasis. The median PFS duration was 3.1 (range, 1.0--10.3) months and 5.5 (range, 1.0--60.4) months in patients with or without liver metastasis, respectively. The median OS duration was 6.2 (range, 1.8--21.0) months and 8.8 (range, 1.3--62.3) months in patients with or without liver metastasis, respectively ([Fig 1](#pone.0211105.g001){ref-type="fig"}).

![Kaplan-Meier curves of the relationship between liver metastasis and (A) progression-free survival and (B) overall survival.](pone.0211105.g001){#pone.0211105.g001}

Discussion {#sec008}
==========

Considering the increase in the number of patients diagnosed with naïve unresectable synchronous mRCC, this study focused on the prognostic factors of PFS and OS during first-line TT and immunotherapy, which helps clinicians potentially identify patients who may respond best to systemic treatment quickly and easily. The present findings showed that poor Heng risk and liver metastasis were significant prognostic factors for both poor PFS and OS, and that female sex was an additional significant factor for poor OS in the multivariable analysis.

RCC with different cellular clones tends to metastasize to different organs via the bloodstream \[[@pone.0211105.ref013]\]. A previous study reported that hematogenous metastatic sites accounted for 80% of mRCC cases, while lymph node metastasis was reported in only 20% of cases \[[@pone.0211105.ref014]\]. Moreover, 20--40% of patients were likely to develop liver metastasis \[[@pone.0211105.ref014]\]. The prognostic significance of bone and liver metastases for survival outcomes in mRCC has been reported by the International mRCC Database Consortium (also known as the Heng risk model) study \[[@pone.0211105.ref015]\]: the presence of bone and liver metastasis in patients treated with targeted therapy confers a poor prognosis, and aggressive RCC subclones tend to spread to these sites. This prior study also indicated that liver metastasis was a poor prognostic factor in both PFS and OS, similar to other previous studies \[[@pone.0211105.ref015]--[@pone.0211105.ref018]\], whereas bone metastasis was not. In our study, liver metastasis was a significant risk factor of PFS and OS along with poor Heng risk (p\<0.05, Tables [2](#pone.0211105.t002){ref-type="table"} and [3](#pone.0211105.t003){ref-type="table"}) in mRCC patients treated with systemic therapy. The Kaplan--Meier curve analysis confirmed the significant differences in PFS and OS between patients with or without liver metastasis. Even the subgroup analyses among patients treated with targeted therapy only resulted in the same conclusion about the poorest factor of liver metastasis in mRCC (p\<0.05, Tables [4](#pone.0211105.t004){ref-type="table"} and [5](#pone.0211105.t005){ref-type="table"}). In contrast, survival outcomes have been reported to be more favorable in patients with metastasis to other organs such as the lung, pancreas, or soft tissue \[[@pone.0211105.ref019]\].

However, owing to the rarity of liver metastasis, a large cohort or randomized prospective study is not feasible, and subsequently, the mechanism remains unclear. A few previous studies have hypothesized that liver metastases occur in association with metastases to other sites, which is in accordance with the hematogenous spread pattern observed in RCC \[[@pone.0211105.ref020]\]. In fact, the incidence of solitary liver metastases in patients with mRCC has been estimated at 2--4% \[[@pone.0211105.ref020], [@pone.0211105.ref021]\]. These previous results are similar to those of our study in which the solitary bone metastasis was found only in 2 (2.8%) patients, whereas 14 other patients with bone metastases had multiple metastases ([S1 Table](#pone.0211105.s001){ref-type="supplementary-material"}). Consequently, the burden of hepatic tumors could represent a rate-limiting step in terms of survival outcomes.

Several studies have reported evidence of the benefits of liver-directed therapy in cases of liver metastasis in RCC (21--22). Aloia et al. \[[@pone.0211105.ref022]\] reported 1-, 3-, and 5-year survival rates of 46%, 24%, and 18%, respectively, in patients who received surgical treatment for liver metastasis, which is more favorable than the 2-year OS rate of 10% for patients with mRCC who do not undergo surgery. In addition, image-guided intraarterial therapies, such as transarterial chemoembolization or yttrium-90 radio-embolization, have demonstrated potential advantages for survival outcomes in these patients \[[@pone.0211105.ref001], [@pone.0211105.ref021]\]. Thus, liver-directed therapy should be considered in select mRCC patients with liver metastasis. Targeted therapy also has implications in advanced hepatocellular carcinoma. Combined treatment strategies comprising transarterial chemoembolization and sorafenib has been actively studied \[[@pone.0211105.ref023], [@pone.0211105.ref024]\] and has shown to be superior to sorafenib alone in terms of survival outcomes for hepatocellular carcinoma. However, further well-designed prospective studies are needed to establish the best multidisciplinary therapeutic protocols for mRCC with liver metastasis.

Several studies have evaluated the role of sex in survival for RCC \[[@pone.0211105.ref025]--[@pone.0211105.ref027]\]. Accordingly, a trend toward better survival outcomes in women has been reported. Stafford et al. hypothesized that the disparity between survival outcomes between male and female patients may derive from the biological differences in the tumor, higher prevalence of hypertension in males, and/or higher percentage of localized tumors in females \[[@pone.0211105.ref025]\]. However, in the mRCC, it was not always same as localized RCC. Further large cohort studies are needed to evaluate the role of sex in the survival outcomes of patients with mRCC receiving targeted therapy or immunotherapy. The current study showed that female sex was associated with unfavorable survival outcomes ([Table 3](#pone.0211105.t003){ref-type="table"}). Some previous studies using animal models as well as studies of humans treated with sunitinib for mRCC showed similar prognostic outcomes as those of the current study. In a study of mice treated with sunitinib, Segarra et al. showed that male mice had a higher sunitinib concentration in the kidney, whereas female mice had a higher concentration in the liver and bone \[[@pone.0211105.ref026]\]. This suggests that male patients with non-nephrectomized smRCC in a primary renal tumor may have a better therapeutic response compared to that of female patients. In addition, female patients with mRCC exhibit considerably more difficulties in tolerating systemic therapies compared to those of male patients in the clinical setting. Previous studies investigating the effects of sunitinib also showed that female patients had higher rates of adverse events and lower body surface areas, which resulted in a lower tolerance for the maximal therapeutic dose, and that male patients responded better to systemic therapy for mRCC \[[@pone.0211105.ref026], [@pone.0211105.ref027]\]. Further large cohort studies are needed to evaluate the role of sex in survival of patients with mRCC treated with targeted therapy or immunotherapy in consideration for the authors' experiences.

Poor Heng risk was found to be a significant factor for both poor PFS and OS, similar to a previous study \[[@pone.0211105.ref001], [@pone.0211105.ref016]\]. Moreover, in our previous study, the Heng risk model demonstrated marginally superior discriminatory ability than that achieved with the MSKCC model \[[@pone.0211105.ref028]\]. This finding strengthens the value of the Heng risk model for predicting PFS and OS in patients with naïve smRCC treated with systemic therapy. Additional subset group analysis only with patients treated with targeted therapy and without previous history of immunotherapy showed that the poor Heng risk group was significant factor for both PFS and OS (p\<0.05, Tables [4](#pone.0211105.t004){ref-type="table"} and [5](#pone.0211105.t005){ref-type="table"}).

At multivariate analysis, the differential prognostic factor for OS was found to be leukocytosis among patients treated with targeted therapy only (HR 1.13, p = 0.003; [Table 5](#pone.0211105.t005){ref-type="table"}). Leukocytosis is the recognized hallmark of inflammation in cancer progression. The tumor microenvironment in which inflammatory cells are composed, partly orchestrates the oncogenetic and metastatic processes, thereby promoting tumor proliferation, survival, and migration \[[@pone.0211105.ref029]\]. Large numbers of granulocytes have always been observed in patients with different locally advanced and metastasized cancer. Previous study of different cancers have also confirmed that leukocytosis represents a poor risk factor of survival, similar to the finding of this study, by stimulating neutrophils to promote neoangiogenesis, suppression of systemic immunity, tumor invasion, migration, and metastasis of the tumor cells \[[@pone.0211105.ref030]\].

This study has a few limitations, including a small sample size, retrospective nature (although it was based on a prospectively recorded RCC database), short-term follow-up duration, and heterogeneous patient population. However, the results allow clinicians practicing at outpatient clinics to be better equipped to predict prognoses for naïve patients with unresectable smRCC. Moreover, none of the other well-known clinical factors such as T stage, age, and histopathology had a significant effect on survival outcomes, probably owing to the small population size and thereby weak statistical power. Further studies with larger sample sizes are warranted to validate these results.

Conclusion {#sec009}
==========

The findings of the present study showed that poor Heng risk, female sex, and liver metastases were associated with poor survival outcomes after first-line VEGF-targeted therapy or immunotherapy in patients with naïve, smRCC. Further well-designed prospective studies are warranted to establish the best multidisciplinary therapeutic strategy.
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RCC

:   renal cell carcinoma

PFS

:   progression-free survival

OS

:   overall survival

TT

:   targeted therapy

mRCC

:   metastatic renal cell carcinoma

PD

:   progressive disease

PR

:   partial response

SD

:   stable disease

HR

:   hazard ratio

CI

:   confidence interval
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